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DESCRIPTION

SUSTAINED RELEASE DRUG COMPOSITIONS

Cross=-Reference to Related Apnlications

This application claims priority from Japanese
Patent Application Wos. 2000-115091, filed april 17,
2000 and 2000-203850, filed July 5, 2000.

Background of the Invention

Druyg compositions that facilitate sven; sustained
release of a drug after administration Lo a subiject are
beneficial for a variety of rsasons. For example, if
the drug is an antigen and the composzition is a
vaccine, sustained release of the antigen can result in
a more vigorous immune response or stimulate memory
immunity.  In addition, many drugs may not be
effective, and can perhaps be dangerous, i1f released in
a burst rather than graduslly through time,

Unfortunately, currently available sustained
release drug compositions are characterized by a number
of disadvantages. Some so-called sustained release
compositions will release substantially all of a drug
in a composition within 24 hours, even though the ideal
regimen, such as for a vaccine, reguires sustained
release for at least a few days. Other compositions
involve chemically treated or cross-linked polymers.

Since the chemical treatment often necessitates the use
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of toxic chemicals, the resulting drug composition
containing such polymers reguire safety validation
before use. Even without chemical treatment, still
other sustained relsase drug compositions require
laborious, intricate, or complex production methods,
thereby increasing the costs of sustained release drug
compesitions.

Sunmary of the Invention

The invention is based on the discovery that a
sustained relsase drug composition can be produced by
mixing a drug with a mucopolvsaccharide and optionally
a carrier protein. These drug compositions are easy
and inexpensive to produce, while delivering long
lasting sustained release of a drug.

Accordingly, the invention features a composition
providing sustained release of a drug, the composition
including a mucopolysaccharide (e.g., chondroitin
sulfate or hyaluronate), a carvier protein (e.g.,
v~globulin, albumin, fibrinogen, histone, protamine,
gelatin, or collagen), and a drug {(e.g., 8 protein
drug). In some embodiments, the composition can
include only the mucopolysaccharide, the carrier
protein, the drug, and one or more pharmaceuttically
acceptable additives. The ratio of the total mass of
mucopaelysaccharide in the composition to the total mass
of carrier protein in the composition can be about 1:1

to 1:20. Further, the composition can contain about

PCT/IPO1/03287
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0.1 to 50% by welght {e.g., about 1% to 40%, 5% to 30%,
or 10 % to 15% by welght} the mucopelysaccharide ox
about 0.1 to 2% by weight {(e.qg., about 0.5% to 1% by
welghty the drug.

Examples of protein drugs that can be included in
the compositions of the invention are erythropoiletin,
granuiocyte colony stimulating factor, granulocyte
macrophage colony stimulating factor, thrombopoietin,
interferon~o , interferon~f, interferon-v, urckinase,
tisgue plasminogen activator, interleukin-11,
fibroblast growth factor, epidermal growth factor,
growth hormone, brain~derived neurctrophic factor,
nerve growth factor, leptin, neurctrophin-3, superoxide
dismutase, antibody, calcitonin, insulin, and
parathvrold hormone.

The invention further includes a method of
producing any of the sustalned release drug
compositions of the invention by providing a
precipitating solution containing a mucopolysaccharide,
a carrier protein, and a drug; lowering the pH of the
precipitating solution to a level sufficient to form
an inscluble product containing the mucopolysaccharids,
the carvier protein, and the drug; and collecting from
the precipitating selution the inscluble product.

In some embodiments, the inscluble product includes
only the mucopelysaccharide, the carrier protein,

the drug, and one or more pharmaceutically acceptable
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additives. The pH of the solution can be about 7 or
above before the lowering step, and the pH of the
solution can be lowered to about 2 to 4 (e.g., about 3)
in the lowering step. In addition, the method
can include, prior to the providing step, mixing
a first solution containing the carrier protein and
the drug with a second sclution containing the
mucopolysaccharide to produce the precipitating
solution. To facilitataﬁgrecipitation, the
precipitating scolution can contain zine or calcium
ions. In other embodiments, the method further
includes suspending the inssluble product in
a preparatory solution having a pH of about § to 8 to
form a mixture; and lyophilizing the mizture to obtain
a solid product.

In ancother aspect, the ilnvention features
a composition providing sustained release of a drug,
the composition including a mucopolysaccharide {(g2.9.,
chondroitin sulfate or hyvaluronate) and a protein drug
{e.g., as described herein). In some embodiments,
the composition contains only the mucopelysaccharide,
the protein drug, and one or more pharmaceutically
acceptable additives. The composition can
contain about 0.1 to 30% by weight {(e.g., about 1%
to 40%, 5% to 30%, or 10 % to 15% by welght) the
mucopolysaccharide or about 0.1 to 50% (e.g., about

§.5% to

Y

% by weight) by weight the protein drug.

PCT/IPO1/03287
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The invention further includes a method of
producing any of the sustained release drug composition
of the invention by providing a precipitating sclution
containing a mucopolysaccharide and a protein drug:;
lowering the pH of the precipitating solution to
a level sufficient to form an inscluble product
containing the mucopelysaccharide and the protein drug;
and collecting from the precipitating solution the
inscluble product. The pH of the sclution can be about
7 or above before the lowering step; and the pH of the
solution can ke lowered to about Z to 4 (e.g., about 3}
in the lowering step. The method further includes,
prior to the providing step, mixing a first solution
containing the protein drug with a second solution
containing the mucopolysaccharide to produce the
pracipitating sclution. The precipitating sclution
can contain zinc or calcium ions to facilitate
pracipitation. In some embodiments, the method
further includes suspending the inscluble product in
& preparatory solution having a pH of about 6 to 8 to
form a mixture; and lyophilizing the mixture to obtain
a solid product.

The invention also includes a method of delivering
& drug to a subject {(e.g., a human) by introducing
{e.g., subcutanecusly or intramuscularly} a sustained
release composition of the invention into the subisct.

In a further aspect, the invention includes a
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vaccine including a composition of the invention, where
the drug is an antigen {(e.g., a surface protein of a
viral or bacterial pathogen). In addition, the
invention includes a method of eliciting an immune
response against an agent {(e.g., a viral or bacterial
pathogen) in a subject {e.g., a human) by administering
a vaccine of the invention to the subject in an amount
sufficient to elicit an immune response againsgt an
agent that includes at least one epitotpe present in
the antigen.

& "mucopolysaccharide® is a polysaccharide
containing repeating units {e.g., disaccharide units)
of uronic acid {e.9., glucurcnic acid) or galactose
and hexoseamine {(2.g., N-acetylglucosamine and
N-acetylgalacteseamine).

A "gcarrier protein® is any protein having a
primary role within a sustained release drug
composition that is not related to a biological
activity. Rather, a carrier protein's main role is to
facilitate the binding of the drug to other componsnt
c¢f the composition, such as the muceopolysaccharide.
Particularly useful carrier proteins include globulins
{g.g., human 7v-globulin} and albuming {e.g., human
serum albumin).

The methods and compositions of the invention are
particularly useful for formulating sustained release

drug compositions when the drug is itself a protein or

PCT/IPO1/03287
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has a high binding affinity for a carrier protein.
However, even if the drug ie a small meolecule drug that
does not bind protein well, a sustained release drug
composition can still be produced; e.g., by using
precipitating agents such as zinc or calcium in the
precipitating solution. In addition, the compositions
maintain the bioclogical activity associated with the
drug, it is belleved in part because the preparation of
the sustained release composition does not utilize
harsh chemicals nor involve extreme physical
conditions.

Other features or advantages of the present
invention will be apparent from the following detailed
desceription, and also from the claims.

Brief Description of the Drawings

FIG. 1 is a line graph showing sustained releasse
of radiolabeled protein from a composition prepared in
accordance with the invention. The conmposition
contains sodium chondroitin sulfate and human v~
globulin, with indicated ratiocs of the respective
components.

FIGS. 2 and 3 are line graphs showing sustained
relsase of radiolabsled human vy -glcbulin from a
composition containing a 1:2 welight ratic of sodium
chondroitin sulfate (MW 230,000} to human v-glicbulin.

FIGS. 4 and 5 are line graphs showing sustadned

release of albumin from a composition containing a 1:2
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walght ratio of sodium chondroitin sulfate and human
serum albumin.

FIG. 6 is a line graph showing the release of
lecithinized superoxide dismutase {PC-S0D)} after
administration of a sustained release composition
containing the PC-S0D was administered to mice. PC-80D
alone was administered as a control.

FIG. 7 is a line graph showing the release of
indomethacin from a sustained release composition of
the invention.

FIG. 8 1s a line graph showing in vivoe relsase of
radiolabeled human v-globulin after subcutansous
administration of v-globulin alone or as part of a
sustained release composition. Radiscactivity below
500 cpm was defined as background.

FIG. 9 is a line graph showing release of basic
fibroblast growth factor (bFGF) from a sustalned
release composition containing 1% by weight human serum
albumin.

Detailed Description

The invention relates to inexpensive and easy to
produce sustained release drug compositions that
maintain the biological activity of the drugs. This
result is accomplished by mixing a mucopolysaccharide
{e.g., 8 naturally occurring mucopolysaccharide} with
gither (1) a protein drug or (2} a carrisr protein plus

a non-protein drug in a neutral or basic pH. It is

PCT/IPO1/03287
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noted, however, that a carrier protesin can be added to
the composition, even if the drug itself is a protein,
te facilitate precipitaticn or binding to the
mucopolysaccharide. The pH of the resulting mixture is
then lowered to a pH sufficient to form an inscluble
material containing the drug and ths
mucopolysaccharide., Contemplated within the scope of
this invention is a vaccine composition containing a
gustained release compozition including an antigen as a
biologically active ingredient.

The compositicons of ths present invention can
be administersd via any appropriate route, e.q.
intravenously, intraarterially, topically, by
injection, intraperitoneally, intrapleurally,
subcutanecously, intramuscularly, sublingually,
intraepidermally, or rectally.

any sustained release composition of the invention
can contain ong or more pharmaceutically acceptable
additives. It can bes formulated as a suspension,
suppository, tablet, granules, powder, capsules,
cintment, or cream. In the preparation of these
pharmaceuticals, a solvent {e.g., water or
phvsiolegical saline}, solubilizing agent {(e.9.,
gsthanol, Polysorbates, or Cremophor EBEL), agent for
making isctonicity, presservative, antioxnidizing agent,
gxcipient (e.g., lactose, starch, crystalline

cellulose, mannitol, maltose, calcium hydrogen

PCT/IPO1/03287
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phoaphate, light silicic acid anhydride, or calcium
carbonate}, binder (e.g., starch, polyvinvipyrrolidone,
hydroxypropyl cellulose, ethyl cellulose, carboxy
methyl cellulose, or gum arabic), lubricant {e.g.,
magnesium stearate, talce, or hardened oils), or
stabilizger {(e.g¢g., glucose, lactose, manniteol, maltose,
polysorbates, macrogols, or polvoxyethyvlene hardened
castor ollsy can be added. If appropriaste, glycerin,
dimethyvlacetamide, 70% sodium lactate, a surfactant, or
a basic substance such as sodium hydroxide,

thylenadiamine, ethanclamineg, sodium bicarbonate,
arginine, meglumine, or trisaminomethane is added.
Pharmaceutical preparations such as solutions, tablets,
granules or capsules can bhe formed with these
pharmaceutically acceptable additives.

The dose of the compound of the present invention
is determined in consideration of the results of animal
experiments and various conditions. More specific
doses vary depending on the administration method,
the condition of the subiject such as age, body weight,
sex, sensitivity, food saten, dosage intervals,
medicines administered in combination, and the source,
sericusness, and degree of pain. The optimal dose and
the administration freguency under a given condition
must be determined by the appropriate dosage test of a
medical specialist based on the aforementioned guide.

In a typical in vitro evaluation test, a carrier

PCT/IPO1/03287
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protein (2.g., human v -globulin, human serum albumin,
or fibrinogen) and an acid mucopolysaccharide (e.g.,
sodium chondroitin sulfate or sodium hyaluronate}

are mixed in respective welght ratios of 4:1, 3:1,
2:1, 1:1, and 1:2, with the concentration of
mucopoelysaccharide being fixed at 1% of composition
weight. The pE of the precipitating solution is
lowered to about pH 3, and an insolubkle product is
obtained by, e.g., centrifugation. The harvested
ingoluble product is then suspended in a phosphate
buffer solution {pH 7.2} for a timed releass test.

At pre-determined times after the product is suspended
in the buffer, the reaction is centrifuged, and

a portion of the supernatant is tested for release of
the drug. The reaction is then agitated, incubated at
37°C, and then tested again at the next pre-~determined
time point,

In a2 typical in vive evaluation test, the
sustained release composition 1ls subcutanecusly
injected as one bolus into mice, though additional boli
can be used. Aafter injection or implantation, blood
samples can be collected, at pre-determined time
points, from the mice and assayed for amount of drug or
test compound criginally present in the composition.
Alvernatively, the composition can be locally applied,
e€.g., topically to a skin lesion. A biopsy at pre-

determined distance from the local application site can
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be cobtained at a pre~determined time points. The
presence and amcunt of drug or test compound originally
present in the composition is then assaved in each
biopsy sample.

Without further elaboration, it is believed that
cne skilled in the art can, based on the above
digsclosure and the examples below, utilize the present
invention to its fullest extent. The following
examples are to be construed as merely iilustfative oFf
how one skilled in the art can make and use the present
sustained release compositions, and are not limitative
of the remainder of the disclosure in any way. All
publications and references cited in this disclosure
are hereby incorporated by reference.

In a preliminary evaluation test,; human v -
globulin and sodium chondroitin sulfate were mized in
respective weight ratios of 4:1, 3:1, 2:1, 1:1, and
1:2, with the congentration of the chondroitin being
fixed at 1% of composition weight. The pH of the
precipitating solution was lowered to about pH 3, and
an insoluble product was obtained by centrifugation.
The harvested insocluble product was then suspended in a
phosphate buffsred saline (PBS)} (pH 7.2) for a timed
release test. At pre-determined times after the
rroduct wes suspended in the buffer, the reaction was

centrifuged, and a portion of the supernatant was
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tested for release of the drug. The mixture was then
agitated, incubated at 37T, and then tested again at
the next pre-determined time point. The results, as
shown in FIG. 1, indicated that compositions with
ratios of about 1:2 and 1:3 provide& release of more
drug than other ratios.
Example 2

Thirty microliters of a 100 mg/nl solution of
sodium chondroitin sulfate A (Sigma, MW 4~50 X 105) was
mized with 200 gl of a 30 mg/ml solution of human ¥~
globulin and 370 pl of PBE (pH 7.2). The weight ratio
of chondroitin te globulin was therefore about 1:2, and
the volume of the resulting mixture was about 600 pl.

Fifty microliters of 0.2 N HCl was gently added to
the mixture o adjust the pH to about 3. The reaction
was then mixed using a vortex mixer and centrifuged at
3000 rpm for five minutes. The supernatant was removed
and replaced with 1 ml of PBRE. & portion of this
inditial supernatant was tested for protein content.
Thereafter, at specified time points, the reaction was
centrifuged at 3000 rpm for five minutes, and a 25 pl
portion of the supernatant was removed and assayed for
protein content. During the test peried, the reaction
wag incubated at 37C. Protein content of the samples
was measured using the Lowry method (kit from BiloRady,
with & buman v -~globin standard curve being generated

using human v -globin purchased from Sigma. - The

PCT/IPO1/03287
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results, shown in FIG. 2, indicate a rslease rakte of
about 30%/day for the first two days and 5%/day until
the seventh day. Achieving sustained release for this
length of time has been difficult in the past, and
therefore this result was unexpectedly superior to
known sustained release drug compositions,

One hundred and fifty microliters of a 20 mg/ml
solution of sodium byaluronate {Seikagaku Xogyo, MW
about 23 X 102) was mixed with 200 pl of a 30 mg/ml
solution of human v~globulin and 250 ul of PBS (pH
7.2} in a microfuge tube. The weight ratio of
hyaluronate to globulin was therefore about 1:2, and
the total volume of the mixmture was about 600 pl,
Fifty microliters of 9.2 N HCL was gently added to the
mizture to adjust the pH to about 3. The reaction was
then mixed using a vortex mizer and centrifuged at
10,000 rpm for five minutes. The supernatant was
removed and replaced with 1 nl of P88, a portion of
this initial supernatant was tested for protein
content. Thereafter, at specified time points, the
reaction was centrifuged at 10,000 rpm for five
minutes, and a 25 yl portion of the supernatant was
removed and assayved for protein content. Testing was
performed as indicated in Example 2, except that
centrifugation was performed at 10,000 rpm. The

results, shown in FIG. 3, indicate a release rate of
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about 4%/day for the time period tested. Again,
achieving sustained release for this length of time has
besen difficult in the past, and therefore this result
was unexpectedly superior to known sustained release
drug compositions.

Thirty microliters of a 100 mg/nl solution
of godium chondroitin sulfate B (Sigma, MW about
4-50 X 10%) was mixed with 200 pl of a 30 mg/ml
solution of human sserum albumin and 37¢ yul of PBS

(pH 7.2) 1

[

v 2 microfuge tube. The weight ratio of
chondroitin teo albumin was therefore about 1:2, and
the total volume of the mixture was about 800 ul.

The reaction was then treated and tested as described
in Example 1, excspt that the protein standard for
guantitation was human serum albumin purchased from
Sigma. The results, shown in FIG. 4, indicate a
release rate of about 5%/day for the time period
taested.

The experiment of Example 3 was repeatead, but the
buman v -globulin was replaced with human serum albumin
{Sigma). The results are shown in FIG. 5.

Ezample 6

A sustained release preparation containing {3H}w

lecithinized superoxide dismutase (PC~80D), sodium

chondroitin sulfate, and human vy -globulin was

PCT/IPO1/03287
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prepared. Two hundred microliters of a 10 mg/ml
sclution of scodiuvwm chondroitin sulfate A was mixed
with [JH}-lecithinized superoxide dismutase {10 ucd,
6 mg as 50D), and adjusted to pH 3 with 0.1 ® HCLl.
The resulting inscluble product was subcutaneously
injected into mice as a single bolus at the back of the
C3H mice. Control mice received JH-labeled PC~SOD
only. Blood was collected from inferior ophthalmic
vein of the mice and assaved for radicactivity as
a nmeasure of PC-S0D released into the systemic
clrculation of the mice. The results, shown in FIG. &,
indicate that sustained release of PC-~-30D was
accomplished using a composition of the invention.
Bxample 7

Sixty microliters of a 5 mg/ml indomethacin
solution in ethanol (Wako Pure Chemicals) was mixed
with 5 pl of [+4¢]-indeomethacin in ethancl {100 uCi/mi,
Daiichi Chemicals). To this mizxture, 100 ul of a
30 mg/ml solution of human serum albumin {Sigma) and
200 pl of a 30 mg/ml solution of human vy-globulin
{Sigma} were added. Finally, 30 pl of a 100 mg/ml
solution of chondroitin sulfate and B05 ul of EBS
{pH 7.2) were added. The weight ratio of chondroitin
to total protein in this final mixture was therefore
about 1:3, and the total volume was about 1.2 ml. One
hundred microliters of 0.2 N HCLl was gently added to

the mixture to adijust the pHE to about 3. The mizture
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was then treated and tested as described in Example 2,
gzcept that indomethacin was guantitated by mixing
100 ul of supernatant with 5 ml of scintillation
cocktall (Packard), and then counting the radicactivity
as a measure of indomethacin content. The results are
shown in FIG. 7 and indicate that the present invention
i3 applicable to small molecule drugs such as
indomethacin.

One hundred and fifty microliters of a 20 mg/ml
solution of human y-globulin {(Sigma) was mixed with
10 pei (1997 j-human IgG (ICN Biochemicals). To this
solution, 100 pl of a 10 mg/ml sodium chondroitin
sulfate solution and 100 ul of ¥BS (pH 7.2) was added,
and the mixture mizxed well. The weight ratioc of
chondroitin to total protein was therefore about 1:3.
To the mixture, 100 pyl of 0.2 N FCL was added to
achieve a pH of about 3. The mixture was mixed using
a vortex mixer and then centrifuged at 1500 rpm for
10 minvtes at 4. The initial supernatant was replaced
with 450 pl of PBS {pH 7.2), and & portion of the
supernatant was tested for Igé contsnt. The insolubkle
product was suspended in 450 ul PBS (pH 7.2} and then
subcutanecusly injscted at the back of the C3E mice
{about 3 weeks of age). Fifty microliters of blood was
collected from the fundus oculi of the mice at

specified times after administration of the inscoluble

PCT/IPO1/03287
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product. A mixture of globulin and [1?3Ij-human IgG,
without a mucopcelysaccharide, was used ag the control.
The results, shown in FIG. 8, indicate that a sustained
release of globulin was achieved for at least several
days subseguent to when release of control globulin
could no longer be detected.

Ten micreliters of a 100 pg/ml solution of basic
fibroblast growth factor (bFGF) and 450 uyl of PBS
{(pH 7.2} containing 9 myg of human v-~globulin wers
mixed in a microfuge tubs. Then 300 pul of & 1% sodium
chondroitin sulfate A solution in PBS {pH 7.2) was
added, and the mixture was well stirred. To the
mixture, hydrochloric acid (0.2 W) was gently added o
adjust the pH to about 3. The reaction was and then
centrifuged at 1000 rpm for 10 minutes. Ths
supernatant was replaced with 1 ml of PBE (pE 7.2}
containing 1% human serum albumin, énd a small portion
of the supernatant was assaved for bFGF content. The
mixture containing the insoluble product was
centrifuged at 1000 rpm for 10 minutes. AL pre-
determined time points, 25 pl of the supernatant was
removed and agsayed for bFGF content. During the
period of observation, the insocluble produce was
incubated at about 28C. DbFGF was measured using a
Quantikine Human bFGF ELISA XKit (R&D System, Inc. MN,

USA}. As shown in FIG. 9, sustained release of bFGF
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was achileved.
The compositions listed in Table 1 below were generated
essentially according to Example 9, with modifications

as indicated.

Table 1
Test Human Sodium Precipita-
materi~| bFGF | v ~ chondroitin | tion at
als globulin | sulfate pE 3
bFGP 100 i 300 pl
1 ug Yes
pallst {1 =) {3 mg) )
bFGF
100 ul 300 ul
suspen~{ 1 ug Yes
. {1 mg) {3 ng)
glon
Control 100 pl 300 ui
- Yes
pellat {1 ma) {3 mg)
) 1 ug - - -
alone

All compositions, including controls, wesre injected or
implanted into the back subeutanecus tissue of rats.
It was known that bFGF promotes neovascularization.
Seven days after administration, each rat was evaluated
for neovasculavization at the ares peripheral Lo
the site of injection or implantation. It was
discovered that the pellet containing bFGF induced
substantial neovascularization,

To distinguish newly svnthesized blood vessels
from pre-existing ones, lipid microspheres were
injected into mice just superficial to the pre-existing

capllilary bed early in the experiment {at day 0}.
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At the end of the experiment, the neovascular
capillaries, if any, would reside superficial to the
microspheres, Thus, new capillaries were easily
identified by seeing whether there was vascularization
above (superficial to) the microspheres at the end of
the experiment. Significant neovascularization was
obzerved in the rat receiving the pellet containing
bFGF, but no necovascularization was observed in rats
receiving bFGF alone nor a control pellet without bLPGP.

Other Embodiments

It is to be understood that while the invention
has been described in conjunction with the detailed
description therecf, the foregoing descripticon is
intended to illustrate and not limit the scope of the
invention, which is defined by the appended claims.
Other aspects, advantages, and modifications are within

the scope of this invention.
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CLAIMS

1. A composition providing sustained release
of & druyg, the composition comprising a
mucopolysaccharide, a carvier protein, and a drug.

2. The composition of claim 1, wherein the
compesition consists of the mucopolysaccharide,
the carrier protein, the drug, and cne or mors
pharmaceuntically acceptable additives.

3. The composition of claim 1, wherein the ratic
of the total mass of mucopolysaccharide in the
composition to the total mass of carrier protein in the
composition is about 1:1 to 1:20.

4. The composition of claim 1, wherein the
mucopolysaccharide is chondroitin sulfate or
byaluronate.

5. The composition of c¢laim 1, wherein the
carrier protein is a vy~globulin, albumin, fibrinogen,

istone, protamine, gelatin, or collagen.

§. The composition of claim 1, wherein the
carriery protein is a vy~globulin.

7. The composition of claim 1, wherein the
carrier protein is an albumin.

#. The composition of claim 1, wherein the drug
is a protein drug.

9. The composition of claim 8, wherein the
protein drug 1s an erythropoletin, granulocoyte colony

stimulating factor, granulocyte macrophage colony
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stimulating factor, thrombopoietin, interferon-o,
interferon-f, interferon-+ , urckinase, tissue
plasminoegen activator, interleukin-11l, fibroblast
growth factor, epidermal growth factor, growth hormone,
brain~derived nsurotrophic factor, nerve growth factor,
leptin, neurctrophin-3, superoxide dismutase, antibody,
caleitonin, insulin, or parathyroid hormone.

10. The compesition of claim 1, wherein the

compesition contains about 0.1 to 50% by weight the

muicopalysaccharide.

11. The compesition of claim 1, wherein the
composition contains about 0.1 to 2% by weight the
drug.

12. A method of producing a sustained release drug
composition, the method comprising

providing a precipitating solution containing
a mucopolysaccharide, a carvier protein, and a drug;

lowering the pH of the precipitating solution to
a level sufficient to form an insoluble product
comprising the mucopolysaccharide, the varrier protsin,
and the drug: and

collecting from the precipitating scolutlon the
inseluble product.

13. The method of claim 12, wherein the insoluble
product consists of the mucopclysaccharide, the carriex
protein, the drug, and one or more pharmaceutically

acceptable additives.

PCT/IPO1/03287
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i4. 7The method of claim 12, wherein the ratic of
the total mass of mucopolysaccharide in the insocluble
product to the total mass of carrier protein in the
insoluble product is about 1l:1 to 1:20.

15. 7The methed of claim 12, wherein the
mucopelysaccharide is chondroitin sulfate or
hyalurconate.

16, The methoed of claim 12, wherein the carrier
protein is a y-globulin, albumin, fibrincgen, histone,
protamine, gelatin, or collagen.

i7. The method of claim 12, wherein the carrier
protein is a vy-globulin.

18. The method of claim 12, wherein the carrier
protein is an albumin.

1. The method of claim 12, wherein the drug iz a
protein drug.

20. 'The method of claim 12, whersin the protein
drug is an erythropoietin, granulocyvie colony
stimulating factor, granulocyte-macrophage colony
stimslating factor, thrombopoietin, interferon-o,

~

interferon-f , interferon~v , urckinase, tigsue
plasminogen activator, interleukin-l1l, fibroblast
growth factor, epidermal growth factor, growth hormone,
brain-derived neursirophic factor, nerve growth factor,
leptin, neurotrophin-3, superoxide dismutase, antibody,

caleitonin, insulin, or parathyroid hormons.

21, The method of claim 12, wherein the pH of the
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solution is about 7 or above before the lowering step.

2Z2. The method of claim 12, wherein the pH of the
solution is lowered to about 2 to 4 in the lowering
step.

23. The method of claim 12, further comprising,
prior to the providing step, mixing a first solution
containing the carrier protein and the drug with a
second solution containing the mucopolyzaccharide to
produce the precipitating solution.

24. The method of claim 12, wherein the
precipitating solution contains zinc or calcium ions.

25. The method of claim 12, further comprising

suspending the inscluble product in a preparatory
solution having a pH of about 6 to § to form a mixture;
and

lyophilising the mixture to obtain a solid
product.

26. A composition providing sustained release of
a drug, the composition comprising a mucopolysaccharids
and a protein drug.

27. 7he composition of claim 26, wherein the
composition consists of the mucopolvsaccharide,
the protein drug, and one or more pharmaceutically
acceptable additives.

28, The composition of claim 26, wherein the
micopolysaccharide is chondroitin sulfate or

hyalurconate.
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2%. The composition of claim 26, wherain the
protein drug 1ls an erythropoistin, granulocyte colony
stimuiating factor, granulocyte-macrophage colony
gtimulating factor, thrombopoietin, interferon-a,
interferon~ f, interferon~vy, urckinase, hissue
plasminogen activator, interleukin-11, fibrobhlast
growth factor, epidermal growth factor, growth hormone,
brain-derived neurotrophic factor, nerve growth factor,
leptin, neurocotrophin-3,; superoxide disnutase, antibody,
calcitonin, insulin, or parathyroid hormone.

3¢, The composition of ¢laim 26, wherein the
composition contains about 0.1 to 50% by weight the
mucopolysaccharide.,

31. The conmposition of claim 26, wherein the
composition containg about 0.1 to 30% by weight the
protein drug.

32. A method of producing a sustained release drug
composition, the method comprising

providing a precipitating sclution contalning
& mucopolysaccharide and a protein drug;

lowering the pH of the precipitating solution
to a level sufficient to form an insoluble product
comprising the mucopolysaccharide and the protein
drug; and

collecting from the pracipitating solution the
insoluble product.

33. The method of claim 32, wherein the inscluble

PCT/IPO1/03287
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product consists of the mucopolysaccharide, the protein
drug, and ong or more pharmaceutically acceptable
additives.

34. The method of claim 32, wherein the
mucopolysaccharide is chondreoitin sulfate or
hyaluronate.

35, The method of claim 32, wherein the protein
drug is an erythropolietin, granulocyte colony
stimulating factor, granulocyite-macrophage colony
stimulating factor, thrombopoietin, interferon~o,
interferon~f, interferon~vy , urckinase, tissue
plasminogen activator, interleukin-11, fibroblast
growth factor, epidermal growth factor, growth hormene,
brain-derived neurotrophic factor, nerve growth factor,
leptin, neurctrophin-3, superoczide dismutass, antibody,
galceitonin, insulin, or parathyroid hormone.

36. The method of clain 32, wherein the pH of the
sciution is about 7 or above before the lowering step.

3

wd

. The method of claim 32, wherein the pH of the
solution ig lowered to about 2 to 4 in the lowering
step.

38. The method of claim 32, further comprising,
prior to the providing step, mixing a first solution
containing the protein drug with a second scolution
containing the mucopolysaccharide to producs the
precipitating solution.

39, The method of claim 32, wherein the
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precipitating solution contains zinc or caleium ions.

40. The method of claim 32, wherein the insoluble
product containsg about 0.1 to 50% by weight the
mucopolysaccharide.

41. The method of claim 32, wherein the insoluble
product contains about 0.1 to 50% by welght the protein
drug.

42. The method of claim 32, further comprising

suspending the inscluble product in a preparatory
golution having a pR of about 6 o 8 to form a mixture:
and

lyophilizing the mixture to obtain a solid
product.

43. A method of delivering a drug to a sublject,
the method comprising introducing the composition of
claim 1 into the subject.

44, The method of claim 43, wherein the
composition is introducsed suboutaneously or
intramuscularly into the subjsct.

45. A method of delivering a drug to a subject,
the method comprising introducing the composition of
claim 26 into the subject.

4. The methad of claim 45, wherein the
composition is introduced subcutanecusly or
intramuiscularly into the subject.

47. A wvaccins comprising the composition of any

-

one of claims 1 to 8, 10, 11, 26 to 28, 30, and 31,

PCT/IPO1/03287
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wherein the drug is an antigen.

48. A method of eliciting an immune response
against an agent in a subject, the method comprising
administering the vaccine of claim 47 to the subject in
an amount sufficient to elicit an immune response
against an agent that includes at least one epitotpe

present in the antigen.
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